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Remote Indicia Reading System 

Technical Field 

The present invention is generally directed to a system for reading indicia on a 
vehicle, container, or package. More particularly, the invention is directed to a system for 
5 reading bar codes on moving vehicles, containers, or packages from a remote location. 

Background of the Invention 

Motorists who daily use a pay-for-park parking garage often pay for use of the garage 
on a monthly or yearly basis. To gain access to the garage, these motorists are typically 
issued a key card which they insert into a card reader to open a gate. Typically, using such a 
10 key card requires the motorist to stop the vehicle, roll down a window or open a door, and 
insert and retract the card. Such systems present unnecessary impediments to the motorist's 
access to the garage. 

Motorists who often use a toll road may also pay for use of the road on a monthly cor 
yearly basis, or on a pay-per-use basis. In some known systems, radio-frequency 

15 transponders are issued to the motorist which transmit a signal to a receiving device 
alongside an on-ramp or off-ramp. These signals from the transponder identify the motorist, 
and provide for billing the motorist for the use of the toll road, or for opening a gate to give 
the motorist access to the toll road. Typically, these transponders require mounting on or in 
the vehicle, and they must be powered by their own batteries or by the vehicle's battery. 

20 Such transponders add significant cost to the toll road access and billing system, a cost which 
is typically passed on to the motorist in the form of higher tolls. 

What is needed, therefore, is an inexpensive, easy to implement, easy to use, and low- 
maintenance means for identifying moving vehicles and other types of moving containers or 
packages, such as vehicles entering parking garages or toll roads, or containers moving along 

25 a conveyor belt. 

Summary of the Invention 

The foregoing and other needs are met by an apparatus for reading indicia, such as a 
bar code, from a remote location. The apparatus includes a light source for illximinating the 
indicia, preferably with infrared illumination. The indicia is included in a reflective medium, 

- 1 of 13- 


Express Mail Label No. EL600510901US 

disposed remotely from the light source, which reflects the illumination provided by the light 
source. The portions of the illumination reflected from the indicia comprise a reflected 
indicia image. The apparatus includes a light sensing device which is also disposed remotely 
from the reflective medium. The light sensing device receives the reflected indicia image 
5 and generates an indicia image signal based thereon. An indicia processing system receives 
and operates on the indicia image signal to extract indicia information therefrom. The indicia 
and reflective medium may be attached to a motor vehicle, a trailer portion of a tractor/trailer 
rig, a railroad box car or container, or any other type of vehicle, package, or cargo container. 
In preferred embodiments of the invention, the light source and the light sensing 

10 device may be located up to 75 feet or more away from the reflective medium, and the 
reflective medium may be moving at speeds of up to 85 miles per hour or more relative to the 
light source and the light sensing device. To prevent blurring of the reflected indicia image, 
the infrared illumination is preferably provided in pulses, and the light sensing device is 
shuttered in synchronism with the pulses. 

1 5 Thus, the invention provides a means for reading a bar code, or other such indicia, on 

a vehicle or container moving at a high rate of speed. Since the light sensing device need not 
be immediately adjacent the bar code in order to read it, the invention may be used to read 
the bar code from the side of or from above a highway, railroad track, or conveyor belt as the 
vehicle, railroad car, or container speeds by. 

20 Brief Description of the Drawings 

Further advantages of the invention will become apparent by reference to the detailed 
description of preferred embodiments when considered in conjunction with the drawings, 
which are not to scale, wherein like reference characters designate like or similar elements 
throughout the several drawings as follows: 
25 Fig. 1 is a fimctional block diagram of a system for remotely reading indicia 

according to a preferred embodiment of the invention; and 

Fig. 2 depicts hidden bar codes applied to license plate frames according to several 
preferred embodiments of the invention. 
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Detailed Description of the Preferred Embodiment 

The bar code has long been the preferred means for encoding identifying information, 
such as on product packaging for purposes of inventory control. A major hurdle for adapting 
bar code technology to applications other than inventory control has been the necessity for 
the bar code to be quite close to the bar code reading device (typically a laser) as the bar code 
is read. Depicted in Fig. 1 is a preferred embodiment of a system 10 for remotely reading a 
bar code 12, or any other type of indicia, from as far away as about 75 feet or more as the bar 
code 12 is moving at speeds of up to about 85 miles-per-hour or more relative to the rest of 
the system 1 0. Thus, the system 1 0 provides means for remotely reading bar codes and other 
indicia attached to motor vehicles moving at highway speeds. 

Preferably, the bar code 12 is provided on a reflective medium 14, such as a retro- 
reflective tape manufactured by the 3M corporation. The term "retro-reflective" is used 
herein to refer to reflective media which provide high levels of reflectance along a direction 
back toward the source of illuminating radiation. Although in the preferred embodiment of 
the invention, the reflective medium 14 is retro-reflective tape, it should be appreciated that 
other types of reflective surfaces could be used. Thus, the invention is not limited in scope to 
any particular type of reflector on which the bar code 12 is provided. 

The bar code 12 is illuminated by a light source 16, which preferably includes an 
array 18 of light emitting diodes (LED's) driven by an LED driver circuit 20. In the 
preferred embodiment, the array 18 includes 40 to 400 LED's, where the exact number is 
determined by the brightness of illumination required for a particular application. In the 
preferred embodiment, the LED's used in the array 1 8 are manufactured by Siemens under 
part number SFH4503. The LED'spreferably have a continuous current rating of about 100 
mA, but may be driven with pulses having ten times the continuous rating. 

Preferably, the LED's emit infrared radiation having a wavelength in the range of 
about 770 to 1 100 nanometers, with a center wavelength of approximately 940 nm or 880 
nm. A center wavelength of greater than about 800 nm is preferred so that the illumination is 
not visible to the human eye. A center wavelength of about 940 nm is most preferred, 
because at that wavelength, sunlight is partially absorbed by water vapor in the atmosphere. 
Thus, at about 940 nm, background interference due to sunlight has less detrimental effect on 
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the operation of the system. One skilled in the art will appreciate that the actual operational 
wavelength may be selected based upon the particular application of the system, and that the 
invention is not limited by operation at any particular wavelength. 

The LED driver circuit 20 provides the LED array 1 8 with high-energy pulses having 
current amplitudes of preferably about 1000 mA. In the preferred embodiment, the driver 
circuit 20 provides pulses having pulse widths of about one millisecond at a pulse rate of 
about 50-60 pulses per second. The exact pulse rate is generally determined by the standard 
frequency of the source power in the country of use. For example, in the United Kingdom, 
the pulse rate may be 50 HZ, while in the United States, the pulse rate may be 60 HZ. 

The pulsed light energy from the LED array 1 8 is directed along an illumination path 
22 to the reflective medium 14. 

With continued reference to Fig. 1, the system 10 further includes a Ught sensing 
device, such as a camera 26. In the preferred embodiment, the camera 26 is a video camera, 
such as the model number P356 manufactured by Pearpoint, Inc., which incorporates a 
charge-coupled-device (CCD) sensor that is sensitive to infrared radiation at wavelengths up 
to 1100 nm. The camera 26 is mechanically or electronically shuttered, but is most 
preferably electronically shuttered. In the preferred embodiment, when the shutter is 
activated (opened), the camera 26 sends a trigger pulse to the light source 1 6 over the line 30 
to activate the light source 1 6 to generate a light pulse simultaneously with the opening of the 
shutter. Preferably, the width of the light pulse is substantially the same as the shutter open 
time. Coincident with the trigger pulse, the electronic shutter activates the CCD sensor of the 
camera 26 to receive light reflected from the reflective medium 1 4 and to generate an indicia 
image signal based thereon. The shutter activates the CCD sensor to receive light for a 
period of about 0. 1 to 1 .0 mS, and most preferably for about 1 .0 mS. Longer shutter times 
could be used if there is less relative motion between the reflective medium 14 and the 
camera 26. Thus, the shutter "open" period corresponds to the pulse width of the 
illuminating pulse from the light source 16, and the timing of the shutter "open" period is in 
synchronism with the timing of the illuminating pulse. 

As shown in Fig. 1, the preferred embodiment of the invention includes an infrared 
band pass filter 28 having a pass band substantially centered on the peak output wavelength 
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of the LED array 18. The bandwidth of the filter 28 is sufficient to pass most of the energy 
of the reflected infrared pulse, while rejecting light of other wavelengths, such as fi-om 
sunlight and vehicle headlamps. 

As depicted in Fig. 1 , the beam of infrared energy from the light source 1 6 is reflected 
5 from the reflective medium 14 to form a reflected image of the bar code 12. The bar code 
image includes dark portions where little or no infirared energy is reflected toward the camera 
26, and light portions where the infrared energy is reflected back toward the camera 26 from 
the retro-reflective material. This reflected image propagates toward the camera 26 along a 
reflected image path 24 which forms an angle 0 with the illumination path 22. In the 
10 preferred embodiment of the invention, this angle 9 is no greater than about two degrees. 
Since the retro-reflective material of the reflective medium 14 reflects most of the radiation 
from the light source 1 6 back toward the light source 1 6, it is desirable to keep the angle 0 as 
small as possible. Thus, the camera 26 is preferably positioned as closely as possible to the 
light source 16. 

15 In the preferred embodiment, the light source 1 6 and camera 26 are housed within a 

common protective housing 32 to protect them from inclement weather. The housing 32 
preferably includes an infrared transparent window 34 through which the light source 16 
transmits infrared illumination toward the reflective medium 14 and through which the 
camera 26 receives the reflected image. In an alternative embodiment of the invention, the 

20 window 34 also serves as an infrared band pass filter having properties similar to those of the 
filter 28 described above. In this embodiment, the separate band pass filter 28 attached to the 
camera 26 is not necessary. 

The use of pulsed infirared illumination enhances the operation of the system 10 in 
several ways. When illuminated with infrared radiation, a bar code constructed from retro- 

25 reflective materials provides a crisp, high-contrast reflected image, regardless of the time of 
day or amount of ambient illumination. Further, because the infrared illumination can be 
pulsed at such a high level, and the retro-reflective material returns such a high percentage of 
incident infi-ared light back toward the camera 26, a very fast shutter speed can be employed. 
This fast shutter speed virtually eliminates blurring of the reflected bar code image as the bar 

30 code 1 2 moves in relation to the camera 26. Even at highway speeds of up to 85 mph, the bar 
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code image received by the CCD sensor of the camera 26 is of sufficient quality to recognize 
each distinct feature in the bar code 12. 

One skilled in the art will appreciate that by proper selection of the illumination 
power of the light source 1 6, the width of the illumination pulses, and the shutter open time, 
5 the system 1 0 may be made to operate at distances of much larger than 75 feet and at relative 
speeds of much greater than 85 mph. The distances and speeds described herein for a 
preferred embodiment are merely examples which are consistent with the application of the 
system 10 in reading bar codes 12 on vehicles moving at typical highway speeds. Thus, it 
should be appreciated that the invention is not limited to any particular relative speed or 
10 separation distance between the camera 26 and the bar code 12. 

As depicted in Fig. 1 , the indicia image signal is provided from the camera 26 to an 
image acquisition board 38 through an interface cable 36. The image acquisition board 38, 
such as model number PCI- 1411 manufactured by National Instruments Corporation of 
Austin, Texas, or model number DT3153 manufactured by Data Translation, Inc. of 
1 5 Marlboro, Massachusetts, captures and formats the indicia image signal to be processed by a 
digital processor 40. The processor 40, such as a Pentium III processor manufactured by 
Intel, preferably processes the indicia image signal as a bit-mapped image, although other 
image formats may be used, such as JPEG or GIF, 

The processor 40 extracts the bar code information from the indicia image signal 
20 based on processing instructions provided by a bar code reading software module 42. In the 
preferred embodiment, the module 42 operates on the bit-mapped image captured by the 
image acquisition board 38 to determine whether a bar code 12 is present in the image, and if 
so, to detect the individual bars in the image that comprise the bar code 12. Preferably, the 
module 42 detects the bar code 12 within the indicia image by analyzing the image for a 
25 combination of spatial and spectral featvires representative of a bar code. The orientation of 
the barcode 12 is preferably determined by similar means, and the bar code image is then 
processed orthogonal to the bars to determine the coding. Since the bar code image is two- 
dimensional, it may be processed along many such lines orthogonal to the bars of the bar 
code 12. 
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Fig, 2 depicts three different visible light images 50, 52, 54 of three embodiments of a 
vehicle license plate 44 surrounded by a license plate cover or frame 46 that includes a covert 
bar code 1 2. Attached to the lower portions of each of the frames 46 is the reflective medium 
14 containing the bar code 12. In image 50, the frame 46 is constructed of a material, such as 
5 Perspex Black 962 manufactured by ICI Acrylics Ltd., which transmits infrared light, but 
which is opaque to visible light. The reflective medium 14 depicted in image 50 is attached 
to the back side of the frame 46, such that the reflective medium 14 (shown in dashed 
outline) is not detected when the frame 46 is viewed from the front side in visible light. 
However, as depicted in the infrared image 56, the reflective medium 14 and the bar code 12 

1 0 are detected when the front side of the frame 46 is illuminated by infrared light from the light 
source 1 6 and viewed by the camera 26. In this embodiment, the infrared illumination passes 
through the frame 46, is reflected from the reflective medium 14, passes again through the 
frame 46, and is detected by the camera 26. Since the frame 46 does not pass visible light, 
the bar code 12 is not seen under visible light. This covertness thwarts those who might 

1 5 otherwise counterfeit a visible bar code for use on a vehicle to gain unauthorized access to a 
parking facility or for use on a toll road. 

In another embodiment, as depicted in the visible-light image 52 of Fig. 2, the 
reflective medium 14 and bar code 12 are applied to the front side of the frame 46 and are 
concealed by other graphic components 58, such as a phrase consisting of alphanxuneric 

20 characters. The graphic components 58 which conceal the bar code 12 are transparent to 
infrared light, so that the reflected infrared image detected by the camera 26 appears as 
depicted in the image 56 of Fig. 2. In this embodiment, since the illumination ueed not pass 
through the frame 46, it may be constructed from materials that are not transmissive to 
infrared radiation, such as metal. 

25 In a further embodiment, as depicted in the visible-light image 54 of Fig. 2, the 

reflective medium 14 and bar code 12 are on the front side of the frame 46 and are again 
concealed by other graphic components 58. In this embodiment, the concealing graphic 
components 58, which are transparent to infrared light, comprise a "decoy" bar code. This 
embodiment is used to thwart bar code counterfeiters who will mistake the visible decoy bar 


-7of 13- 


Express Mail Label No. EL600510901US 

code for the actual bar code 12. Again, the reflected infrared image detected by the camera 
26 appears as depicted in the image 56 of Fig, 2. 

It will be appreciated that the reflective medium 14 and bar code 12 of the 
embodiments depicted in images 52 and 54 could be incorporated as part of the license plate 
5 44 rather than £is part of a separate license plate cover or frame 46. It will also be appreciated 
that a concealed reflective medium 14 and bar code 12 could be embedded in an infrared- 
transparent body panel of a vehicle or in the sun screen material which is typically applied to 
the upper portions of vehicle windshields or rear window panels. Thus, the scope of the 
invention is not limited to any particular method for applying the bar code 12 or any 

1 0 particular location on the vehicle or container. 

It is contemplated, and will be apparent to those skilled in the art from the preceding 
description and the accompanying drawings that modifications and/or changes may be made 
in the embodiments of the invention. Accordingly, it is expressly intended that the foregoing 
description and the accompanying drawings are illustrative of preferred embodiments only, 

1 5 not limiting thereto, and that the true spirit and scope of the present invention be determined 
by reference to the appended claims. 
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